Background: mortality in UK care homes is not well described. Objective: to describe 1-year mortality and predictors in older care home residents compared with community residents. Method: cohort study using the THIN primary care database with 9,772 care home and 354,306 community residents aged 65-104 years in 293 English and Welsh general practices in 2009. Results: a total of 2,558 (26.2%) care home and 11,602 (3.3%) community residents died within 1 year. The age and sex standardised mortality ratio for nursing homes was 419 (95% CI: 396-442) and for residential homes was 284 (266-302). Age-related increases in mortality were less marked in care homes than community. Comorbidities and identification as inappropriate for chronic disease management targets predicted mortality in both settings, but associations were weaker in care homes. The number of drug classes prescribed and primary care contact were the strongest clinical predictors of mortality in care homes. Conclusions: older care home residents experience high mortality. Age and diagnostic characteristics are weaker predictors of risk of death within care homes than the community. Measures of primary care utilisation may be useful proxies for frailty and improve difficult end of life care decisions in care homes.
Introduction
Care home residents are a vulnerable group and high mortality has been reported in nursing homes in a number of countries [1] [2] [3] [4] [5] . Although, there have been large studies in the USA, there are few studies in the UK and no national studies in England and Wales [5] . The largest UK study to date is from Northern Ireland and uses census data that are limited in their measurements of clinical characteristics [6] . This paucity of studies reflects the limited information available on UK care homes residents in routine health data sources.
An understanding of mortality in care homes is important for clinical care and service planning. At an individual level, an assessment of the risk of death can inform decisions on preventive and elective care, especially where intervention may not provide benefit for several years or may impair the quality of life [7, 8] . In the UK primary care contract, physicians may identify patients as inappropriate for calculating remunerable attainment of chronic disease management targets based on their clinical judgement, taking account of frailty and life expectancy [9] . High levels of such exception reporting are seen in care homes, but there is limited information on the appropriateness of such decisions [10] . Conversely, good estimates of individual survival will help target end of life care appropriately [11] . At a population level, an understanding of mortality patterns in care homes is essential for planning provision of long-term care for older people.
In this study, we provide the first nationally representative description of mortality and predictors in English and Welsh nursing and residential homes in comparison with older people living in the community. We also describe the predictive ability of decisions to except patients from chronic disease management targets in the primary care contract.
Methods

Data source
The Health Improvement Network (THIN, Cegedim Strategic Data Medical Research, UK) database is an established primary care database, which collects anonymised data from UK general practices and includes a full record of diagnosis, consultation and prescribing [12, 13] . A feature of the THIN database is the family number, which allows practices to link patients who live in the same household or institution.
Identifying care home residents
Care homes in the UK are classified as either nursing homes, which provide 24 h nursing care in addition to assistance with activities of daily living, or residential homes, which provide help with activities of daily living but are not required to provide care by registered nurses. Primary care physicians are responsible for the medical care of nursing and residential home residents.
Care home residents were identified based on the presence of either a specific record of residence in a care home or at least two other independent markers of care home residence [14] . The independent markers were: (i) registered address in a care home postcode identified through anonymised postcode linkage; (ii) a family number with four or more older people in a household or (iii) a record of consultation in a care home.
We have previously shown that this approach identifies a representative sample of 70% of residents in care homes for older people, based on expected demographic and diagnostic characteristics [14] . Patients with no markers of care home residence were identified as living in the community and those with only one independent marker were excluded from analysis. The majority of patients with one marker lived in care home postcodes but had no other care home markers. We have previously shown that this group is demographically distinct from care home residents and unlikely to bias our comparisons by excluding care home residents [14] .
Subjects
We included 9,772 care home and 354,306 community residents aged 65-104 from 293 practices in England and Wales who were registered in February 2009 with their practice. All included practices provided data up to March 2010.
Outcome
The main outcome was 1-year all-cause mortality identified through a record of death in the primary care record [15] . Patients who deregistered alive from the practice were censored on the date of deregistration. The number of care home patients deregistered within 1 year was 468 (4.8%) while that for community patients was 9,279 (2.6%).
Predictors
We included demographic, diagnostic and recent healthcare utilisation measures which are routinely recorded or easily derived in the UK primary care record. Care home type was identified through postcode linkage. Some care homes patients were not classifiable as they were identified without postcode linkage or their postcode contained both residential and nursing homes [14] . Our measure of deprivation, for community residents, was the index of multiple deprivation (IMD) 2007, a composite small area ecological measure of deprivation, which was assigned to patients in England based on their postcode and summarised as quintiles based on national ranking [16] . Diagnoses were identified based on Read code definitions from the national UK primary care contract.
Our measures of healthcare utilisation were the number of different classes of medication, based on British National Formulary chapters [17] , prescribed in the last 3 months (90 days) and the number of primary care clinical contact days in the last 3 months. Clinical contact days were a day with a record of contact with the patient or their representative, either in person or by telephone, by any practice clinical staff, but excluding administrative events such as repeat prescriptions or updating of records.
Quality and Outcome Framework exceptions
Exception reporting is a mechanism that allows practices to exclude patients from remunerable targets in the Quality and Outcomes Framework (QOF). Patients may be exception reported as inappropriate or refusing review for a whole disease area. Nationally published guidance includes terminal illness and extreme frailty as reasons for such exception. Decisions are made by individual general practitioners. We identified patients recorded as inappropriate or dissenting from all QOF indicators for any of the following conditions: coronary heart disease, stroke, heart failure, diabetes, COPD, asthma, cancer or dementia.
Analysis
For comparison of mortality rates between care home and community residents, we compared age, in 5-year age bands, and sex-specific mortality rates stratified by dementia diagnosis and calculated the indirectly standardised rate ratio for care home residents based on age-and genderspecific mortality rates in the community.
Separate Cox proportional hazard models were implemented for care home and community residents. Initial analysis examined the effect of demographic factors on mortality in all care home and community patients and presents age-and sex-adjusted hazard ratios (HRs). Analysis of clinical predictors of care home mortality was undertaken on patients with at least 3 months registration with their general practice, before start of the follow-up, to allow recording of key diagnoses and baseline prescribing and consultation patterns. The effect of each clinical predictor was first examined after adjustment for age (continuous variable), sex, region and deprivation and then fully adjusted for all clinical predictors but not QOF exception reporting. 
Results
Patient characteristics and overall mortality
Comparison of care home and community mortality
At all ages, care home residents with and without dementia experience higher mortality but the relative difference between settings attenuated with age (Supplementary data are available in Age and Ageing online, Figure S1 ). The age and sex standardised mortality ratio for care home residents, compared with community residents, was 346 (95% CI: 333-360). The ratio for nursing homes alone was 419 (396-442) and that for residential homes was 284 (266-302). Further standardisation for dementia diagnosis reduced the ratio to 309 (292-326) for nursing homes and to 218 (205-232) for residential homes.
Demographic predictors of mortality
In both care homes and the community, age and gender were important determinants of mortality, although the effect of increasing age was markedly attenuated in care homes (Table 2 ). In the community, area deprivation and region predicted mortality, but this effect was not seen in care homes. In both settings, recent registration with a general practitioner increased the risk of mortality.
Clinical predictors of 1-year mortality Table 3 shows the effect of clinical predictors on 1-year mortality for patients with at least 90 days registration before start of their follow-up. In analysis adjusted for age, sex, region and area deprivation (community only) and care home type, a diagnosis of dementia predicted mortality in both care homes and the community but its effect on mortality in care homes was modest compared with the community with a HR in the community of 2.31 (95% CI: 2.13-2.51) compared with 1.18 (1.09-1.28) in care homes. A previous cancer diagnosis was the strongest diagnostic predictor of mortality in both community (HR: 2.58, 2.47-2.70) and care homes (HR: 1.40, 1.24-1.58). Other diagnoses predicted mortality in both settings, but the effect of each condition was less in care homes. In both settings, the number of different drug classes prescribed and clinical contacts in the previous 90 days were dose-dependent predictors of mortality. After full adjustment, in both settings, a diagnosis of coronary heart disease no longer predicted mortality and, in care homes, diabetes did not independently predict mortality. High number of consultations and prescribed medications remained predictors of mortality in both settings. The HR for patients receiving 11 or more medications compared with those receiving two or less was 2.32 (2.15-2.51) in the community and 1.59 (1.26-2.00) in care homes and for patients with six or more clinical contacts compared with none was 2.07 (1.94-2.21) in the community and 1.65 (1.43-1.92) in care homes.
We repeated our analysis in a community model with subjects matched to care home residents by age, sex and practice. This confirmed that our findings were not explained by the different age structure in each setting or practice effects.
Exception reporting
After adjustment for demographic factors, exception from all quality indicators for any of the eight conditions predicted mortality, but the effect in the community (HR: 2.68, 2.50-2.88) was stronger than in care homes 
Discussion
Adjusted for age and sex, nursing home residents experience approximately four times the expected mortality of their community counterparts and residential home residents approximately three times the mortality. In both settings, recent measures of service utilisation are independent predictors of 1-year mortality.
Strengths and limitations
We provide the first nationally representative examination of care home mortality in England and Wales and the first large-scale study to compare clinical predictors of mortality in community and care home populations in any country. A potential limitation of our work is differential recording of diagnostic information in both settings, in particular dementia diagnoses. Incomplete identification and recording of dementia is recognised in community and care home settings and our community prevalence is below expectations from epidemiological surveys [18, 19] . If patients with milder dementia, and lower mortality risk, are less likely to be identified, this may lead to an overestimate of the relative effect of dementia on mortality.
Primary care data do not include systematically collected information on a number of patient characteristics, such as the functional status or nursing observations, which may also be important predictors of mortality [2] . Such data are only likely to be available in the UK through special surveys which may be limited by potential sample size.
We identified our cohort cross-sectionally, and our analyses on clinical measures were necessarily restricted to patients with at least 3 months registration. In both care homes and the community, newly registered patients experienced higher mortality and, for care homes, this is likely to reflect the higher mortality on admission. This needs to be considered when interpreting and applying our findings to care homes residents.
Comparison with other studies
Comparative UK data are limited, but a recent censusbased study in Northern Ireland reported similar estimates for excess mortality in care homes and the weaker predictive power of age-and self-reported health [6] . A large study, based in Missouri, found similar 1-year mortality in nursing homes (35%) [2] . They found dementia, cancer and heart failure predicted mortality and importantly found that these disease effects were independent of measures of functional status that were not available in our analysis [2] .
Another US study examined the importance of clinical instability as a predictor of mortality in continuing care hospitals [20] . They found that clinical instability was a more important predictor of mortality than the functional status. Our measures of consultation and prescribing in the last 3 months are likely to be proxies for clinical instability.
Implications
Our study not only confirms the high mortality in UK care homes, but also shows that over two-thirds of care home residents, on a particular day, will be alive 1 year later. This highlights the importance of understanding mortality in these settings to ensure that patients receive elective, preventive and palliative care appropriately. Care home residents are more likely to be excluded from chronic disease management targets and such clinical judgements need to be evidence-based to ensure that older people in care homes receive appropriate management [10] . Our finding that age and co-morbidities are less predictive of mortality in care homes is understandable given the high background comorbidity and frailty in care homes. These findings are important for clinical decision-making and service planning. In particular, our finding on age emphasises the need to consider individual circumstances rather than biological age in frail older people. Clinical judgements or planning assumptions, based on diagnostic patterns and experience with community living older people, are likely to estimate incorrectly the risk of mortality in care homes. Other measures, such as dependency or frailty, may be more informative of mortality risk in care homes, but they should not be assumed to predict similarly in community and care home settings [21] [22] [23] .
We examined the predictive ability of decisions to identify patients as inappropriate for chronic disease management targets. Although patients may be excepted from targets for a range of reasons, capacity to benefit, based on frailty and poor life expectancy, is likely to be a key determinant among older people. Our findings show that such decisions are less predictive of mortality in care homes than the community, even among patients without dementia. This suggests the potential for refining current clinical judgements on capacity to benefit from intervention.
The association between measures of primary care utilisation and mortality, in both community and care home settings, has potential utility. It is likely that these measures capture recent clinical instability and development of new symptoms. They may be useful proxies for frailty and overcome the limitations of measures based on diagnosis and disability in care home settings [22] .
Key points
• Age and sex-adjusted mortality is approximately four times higher in nursing homes than the community and three times as high in residential homes.
• Despite high mortality, over two-thirds of UK care home residents, on a particular day, will be alive 1 year later.
• Age, common co-morbidities and exception from chronic disease management targets are weaker mortality predictors in care homes than the community.
• Measures of recent prescribing and consultations are predictors of mortality in both care home and community settings.
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